PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 
C08L 71/12 



Al 



(11) International PuWlcaJion IVuuxber; . ; WO "91/05016 
(43) International Publication Date: 18 AjDriH991 (18.04.91) 



(21) International Application Number: PCT/JP90/00548 

(22) International Filing Date: 26 April 1990 (26.04.90) 



(30) Priority data: 

1/260072 
1/294953 



6 October 1989 (06.10.89) JP 
15 November 1989 (15.1 1.89) JP 



(71) Applicant (for all designated States except US): ASAHI KA- 

SEI KOGYO KABUSHIKI KAISHA [JP/JP]; 2-6, Doji- 
mahama 1-chome, Kita-ku, Osaka-shi, Osaka 530 (JP). 

(72) Inveniors ; anil 

(75) Inventors/Applicants (for US only) ; AKIYAMA, Yoshikuni 
[JP/JP]; 1005-1, Higashitomii, Kurashiki-shi, Oakaya- 
ma-ken 710 (JP). MIZUSHIRO, Ken [JP/JP]; 1-6-39, 
Koremasa, Fuchu-shi, Tokyo 183 (JP). 



(74) Common Representative: ASAHI KASEI KOGYO KA- 
BUSHIKI KAISHA; Patfftt^DepattmW'Asahi Kasei 
Kogyo Kabusbiki Kaisha, Yuraku-cbo 1-chome, 
Chiyoda-ku, Tokyo 100 (JP): 



(81) Designated States: CA, DE*, GB, NL, US. 



Published 

With international search report. 



(54) Title: A SHAPED RESIN ARTICLE 



(57) Abstract 

Disclosed is a shaped resin article comprising (1) a 
continuous phase of a polyphenylene ether and (2) a dis- 
persed phase dispersed in the continuous phase (I). The 
dispersed phase comprises (a) a particulate dispersed poly- 
olefin phase which is comprised of a polyolefin and has a 
minor diameter of not greater than 0.5 urn, the outer sur- 
face of the dispersed polyolefin phase (a) having, cohered 
thereto, particles of at least one copolymer selected from 
the group consisting of a copolymer of a vinyl aromatic 
compound and a conjugated diene compound and a hy- 
drogenation product thereof, and (b) a particulate dis- 
persed copolymer phase having a minor diameter of not 
greater than 0.3 urn, which is comprised of at least one 
copolymer selected from the above-mentioned group and 
is dispersed in the continuous phase (1) and not cohered to 
the dispersed polyolefin phase (a). The shaped resin article 
has not only remarkably improved weld-line toughness 
and delamination resistance but also excellent resistance Yo 
heat, impact and chemicals. 
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DESCRIPTION 
A Shaped Resin Article 

Technical Field 

The present invention relates to a shaped resin 
5 article. More particularly, the present invention is 

concerned with a shaped resin article comprising a 
continuous phase of a polyphenylene ether and a dis- 
persed phase dispersed in the continuous phase and 
comprising a particulate dispersed polyolefin phase, 

10 the outer surface thereof having particles. of at least 

one specific copolymer cohered thereto, and a particu- 
late dispersed copolymer phase. 

The shaped resin article of the present invention 
has excellent weld-line toughness and excellent resist- 

15 ance to delamination , heat, impact and chemicals. 

Accordingly, the shaped resin article of the present ^ 
invention can advantageously be utilized for* various 
electrical and electronic components, automobile parts 
and other engineering materials. 

2o Background Art 

Polyphenylene ethers have excellent transparency, 
mechanical and electrical properties, heat resistance 
and dimensional stability as well as advantageously low 
moisture absorption. However, polyphenylene ethers 

^ have poor moldability and poor impact strength. 
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To obviate the drawbacks of poor moldability and 
poor impact strength, it has been attempted to blend a 
polyphenylene ether with a polystyrene or a high impact 
polystyrene. Compositions comprising a polyphenylene 
5 ether and a polystyrene or a high impact polystyrene 

are now widely used to manufacture electrical and 
electronic components , housings for business machines, 
automobile parts, precision components and other engi- 
neering materials. With respect to such classical 
1q polyphenylene ether resin compositions comprising a 

polyphenylene ether and a high impact polystyrene, 
reference is made to, for example, U.S. Patent No. 
3,383,435. Such polyphenylene ether resin compositions 
exhibit improved impact strength. However, they have 
15 poor chemical resistance. 

Proposals for improving both of impact strength 
and chemical resistance, especially solvent resistance, 
by blending a polyphenylene ether with a polyolefin 
have been made, for which reference is made to, for 
20 example, U.S. Patent No. 3,361,851 and Japanese Exam- 

ined Patent Application Publication Specification No. 
42-7069/1967. Compositions comprising a polyphenylene 
ether and a polyolefin suffer from severe delamination 
so that the actual application of the compositions is 
25 extremely limited. 
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In the art, other various proposals' have also been 
made. U.S. Patent No. 3,994, 856 discloses a composition 
obtained by blending a polyphenylene ether or a combi- 
nation of a polyphenylene ether and a polystyrene resin 
with a hydrogenated block copolymer, which composition 
is described as exhibiting improved impact resistance 
and solvent resistance. Further,,. U.S. Patent No, 
4,145,377 discloses a composition cotttprising a polyphe- 
nylene ether or a combination of a pblyphfejiylene Sther 
resin and a polystyrene resin, a preliminary- blend of a 
polyolefin and a hydrogenated block copolymer in weight 
proportions of 20-80 : 80-20, and a hydrogenated block 
copolymer, which composition is described' "as exhibiting 
improved impact resistance and solvent resistance . , . : 
15 Still further, U.S. Patents Nos . 4,166,055; 4,239,673 

and 4,24 2,263, disclose compositions obtained by blend- 
ing a polyphenylene ether with a block copolymer or 
with a combination of a hydrogenated blofck^ copolymer 
and a polyolefin, which compositions are described as 
having improved impact resistance. Still further/ U.S. 
Patent No. 4,383,082, European Patent Publication No. 
115,712 and Dutch Patent No. 7,410,861 disclose compo- 
sitions obtained by blending a polyphenylene ether with 
a polyolefin -and a hydrogenated bock .copolymer, which 
compositions are described as having. improved impact 
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resistance. Still further, U.S. Patent No. 4,863,997 
and Japanese Patent Application Laid-Open Specifica- 
tions Nos. 63-113058/1988; 63-225642/1988; 64- 
98647/1989? 64-204939/1989 and 64-221444/1989 disclose 
compositions obtained by adding a specific hydrogenated 
block copolymer to a blend comprising a polyolefin 
resin and a polyphenylene ether resin, which composi- 
tions are described as having improved chemical resist- 
ance and moldability. Still further, Japanese Patent 
Application Laid-Open Specification Nos. 63- 
218748/1988; 63-245453/1988 and 64-40556/1989 disclose 
compositions obtained by melt kneading a precompound 
comprising a specific block copolymer and a polyolefin 
with a polyphenylene ether, which compositions are 
described as having improved chemical resistance and 
moldability. The above-mentioned various polyphenylene 
ether resin compositions exhibit improved solvent 
resistance and impact resistance as compared to the 
conventional polyphenylene ether resin composition 
comprising a polyphenylene ether and polystyrene or a 
high impact polystyrene. However, they have inherent 
problems which limit their applications. In particu- 
lar, conventional compositions comprising at least 50 % 
by weight of a polyphenylene ether and up to 20 % by 
weight of a polyolefin result in a shaped article which 
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exhibits severe delamination and poor weld-line tough- 
ness. Such compositions cannot cope with an increasing 
demand for higher quality in the art with respect to 
engineering plastics. 
Disclosure of The Invention 

The present inventors have made extensive and 
intensive studies with respect to shaped resin articles 
nnm^v -,• ci nrr a nnhmViPTivl php fi+*hpr . a nolvolefin and a 

^^j>i>£*j- j-w^-^y — ■ £ _[ r u * j- -* 

compatibility agent. As a result , it ha& been found 
that a shaped resin article having not only remarkably 
improved weld-line toughness and delamination resist- 
ance but also excellent resistance to heat , impact and 
chemicals under the application of stress * can be ob- 
tained by attaining specific morphology of dispersion 
with respect to the polyolefin and the compatibility 
agent. Based on this unexpected finding, the present 
invention has been completed. 

It is, therefore, an object of the present inven- 
tion to provide a shaped resin article comprising a 
polyphenylene ether, a polyolefin and a compatibility 
agent, which is free from the drawbacks of the prior 
art and has not only remarkably improved weld-line 
toughness and delamination resistance but also excellent 
resistance to heat, impact and chemicals. 

The foreqoina and other objects, features and 
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advantages of the present invention will be apparent 
from the following detailed description and appended 
claims . 

According to the present invention, there is 
5 provided a shaped resin article comprising (1) a con- 

tinuous phase of a polyphenylene ether and (2) a dis- 
persed phase dispersed in the continuous phase (1). 
The dispersed phase comprises (a) a particulate dis- 
persed polyolefin phase which is comprised of a pol- 

10 yolefin and has a minor diameter of not greater than 

0.5 \im, the outer surface of the dispersed polyolefin 
phase (a) having, cohered thereto, particles of at 
least one copolymer selected from the group consisting 
of a copolymer of a vinyl aromatic compound and a 

]_5 conjugated diene compound and a hydrogenation product 

thereof, and (P) a particulate dispersed copolymer 
phase having a minor diameter of not greater than 
0.3 [im f which is comprised of at least one copolymer 
selected from the above-mentioned group and is dis- 

2o persed in the continuous phase (1) and not cohered to 

the dispersed polyolefin phase (a) . 

The polyphenylene ether (hereinafter frequently 
referred to simply as "PPE" ) used for forming the 
continuous phase in the present invention is a homopol- 

25 ymer or a copolymer having recurring units of the 
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R" R~ 

wherein each of R 1 , R 2 , R 3 and R 4 independently 
represents a hydrogen atom, a halogen atom, a * 
phenyl group , or a group selected from the group 
consisting of a primary lower alkyl group having 
from 1 to 7 carbon atoms, a secondary lower s^lkyl 
group having from 1 to 7 carbon atoms , a halodlkyl 
group having from 1 to 7 carbon, atoms, : aii; amino 
alkyl group having from 1 to 7 cairbdrt atoms f a 
hydrocarbyloxy group having from 1 to 7 carbon 
atoms and a halohydrocarbyloxy group having from 1 
to 7 carbon atoms and having at least two carbon 
atoms between the halogen atom and the oxygen 
atom. 

The reduced viscosity, as measured at 30 °C with re- 
spect to a chloroform solution having a concentration 
of 0.5 g/dl, of the PPE used in the present invention 
is generally in the range of from 0.15 to 0.70, prefer- 
ably from 0.20 to 0.60. Representative examples of the 
above-mentioned PPE's include poly ( 2 , 6-dimethyl-l , 4- 
phenylene ether), poly ( 2-methyl-6-ethyl-l , 4-phenylene, 
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poly(2-methyl-6-phenyl-l,4-phenylene ether), poly(2,6- 
dichloro-l,4-phenylene ether), a polyphenylene ether 
copolymer, such as a copolymer of 2 , 6-dimethyl phenol 
and another phenol, such as 2 , 3 , 6-trimethyl phenol or 
2-methyl-6-butyl phenol, and the like. Of these, 
poly (2, 6-dimethyl-l,4-phenylene ether) and a copolymer 
of 2, 6-dimethyl phenol and 2 , 3 , 6-trimethyl phenol are 
preferred, and poly ( 2 , 6-dimethyl-l , 4-phenyiene ether) 
is most preferred. 

The PPE's used in the present invention can readi- 
ly be produced by conventional methods. For example, a 
PPE which is produced by the oxidative polymerization 
of, for example, 2,6-xylenol, in the presence of a 
catalyst comprised of a complex of a cuprous salt and 
an amine according to the method of Hay as disclosed in 
U.S. Patent No. 3,306,874 can advantageously be used in 
the present invention. Also, the PPE's used in the 
present invention can readily be produced by the meth- 
ods as disclosed in U.S. Patent Nos. 3 , 306 ,875; 
3,257,357 and 3,257,358, Japanese Examined Patent 
Application Publication Specification No. 52- 
17880/1977, Japanese Patent Application Laid-Open 
Specifications Nos. 50-51197/1975 and 63-152628/1988. 

In addition to the above-mentioned PPE ' s , the PPE 
1ir , n ^ • ^ +-v-o prnppr, f i rv^nt-i np ran a conventional 
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modified PPE which is obtained by roaming a PPE with ■ 
an a, ^-unsaturated carboxylic acid or a derivative 
thereof in the presence or absence of a radical genera- 
tor at a temperature of 80° to 350 °XMn a toolteji 
state, a solution state or a slurry state.'. In" this, 
conventional modified PPE, 0.01 to 10* by^weiglit' of an 
a, ^-unsaturated carboxylic acid or derivative^ ther&of 
is bonded to PPE chains by a grafting or addition 
reaction. Further, the PPE used in -the present invent 
tion can be a mixture of 'a PPE selected* from the Var- 
ious known PPE's mentioned hereinbefore and the :&bfc>ve- 

mentioned conventional modified PPE in arbitrary pro- 

^ . **** * - ■ - ■ *^ 

portions . 

Also, in the present invention^,, use, can be maiie of 
a phosphorous compound-treated PPE as obtained by - 
adding 0.2 to 5 parts by weight of 9/ 10-dihydroxy-9- ■ 
oxa-10-phosphaphenanthrene to 100 . p&£fc6 by weight of a 1 
PPE and subjecting the resultant mixture to melt-knead- 
ing . The phosphorus compound-treated PPE has an excel- 
lent color tone. 

The polyolefin forming the particulate disperaed 
polyolef in phase (a) in the shaped resi,n article of the 
present invention is a polyolefin which i« generally 
used as a conventional molding material and has a 
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30,000, as measured according to the customary gel 
permeation chromatography method. Representative 
examples of polyolefins include a high density polyeth- 
ylene; an extremely high molecular weight high density 
polyethylene; a low density polyethylene; a linear low 
density polyethylene; an extremely low density polyeth- 
ylene (having a density of less than 0.90); an isotac- 
tic polypropylene; poly (4 -methyl- I-pentene ) ; poiybu- 
tene-1; and a copolymer of at least two different 
compounds selected from the group consisting of a- 
olef ins ( such as ethylene and propylene ) , ethylenically 
or acetylenically unsaturated carboxylic acids and 
derivatives thereof, such as a copolymer of ethylene 
and butene-1, a copolymer of ethylene and (meth)acrylic 
acid, a copolymer of ethylene and (meth) acrylic ester, 
a block or random copolymer of propylene and ethylene , 
a copolymer of propylene and 1-hexene and a copolymer 
of propylene and 4 -methyl - 1 -pentene . These polyolefins 
can be used independently or in combination. Of these 
polyolefins, polyethylene is preferred. Of polyethyl- 
enes, a low density polyethylene, especially a linear 
low density polyethylene, and a high density polyethyl- 
ene are more advantageously used. 

The copolymer (hereinafter frequently referred to 
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surface of the particulate dispersed poiyalefin phase 
(a) and to be used for forming the particulate, dis- 
persed copolymer phase (J3) in the shaded v resin a^ti;cle 
of the present invention, includes, a copolymer obtained 
by copolymerizing a vinyl aroiiiatic (TcmipcfCfrtd ,J With a ;;;; 
conjugated diene compound , a hydrogenation prtrduct trf 
the copolymer and a mixture of these. In the hydroge^ 
nation product, at least 50 %, preferably a£' least: 
80 %/ of the olefinic double bonds attributed to th^'-- 
copolymerized conjugated diene comparand are hydrogenat- 

ed. . . . , 

The compatibility agent may be a random copolymer, 

a block copolymer, a graft copolymer and" a combination 

thereof each having a number average' molecular weight 

of not smaller than 50,000, as measured according to 

the customary gel permeation chrdrtiatogra£fry method . Of 

these, such a block copolymer is pref er£&3r\ 

Representative examples of vinyl arofrtatic com- 
pounds for use in the preparation of the compatibility 
agent include at least one compound selected from the 
group consisting of styrene, a-methylstyr£ne , vinyltol- 
uene, p-tert-butylstyrene, diphenylethyle&e and the 
like. Of these, styrene is preferred. 

On the other hand, representative examples of 
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the compatibility agent include at least one compound 
selected from the group consisting of butadiene, iso- 
prene, 1 , 3-pentadiene, 2 , 3-dimethyl-l , 3-butadiene and 
the like- Of these, butadiene, isoprene and a combina- 
5 tion thereof are preferred. 

The method of preparing the compatibility agent is 
not critical. For example, a copolymer of styrene and 
butadiene or a hydrogenation product thereof can readi- 
ly be produced by the anionic polymerization methods as 

10 described in British Patent No. 1,130,770 and U.S. 

Patent Nos . 3,281,383 and 3,639,517 or as described in 
British Patent No. 1,020,720 and U.S. Patent Nos. 
3,333,024 and 4,501,857. 

Of these compatibility agents, a block copolymer 

15 of a vinyl aromatic compound and a conjugated diene 

compound or a hydrogenation product thereof having a 
Young's modulus of 1,500 kg/cirr or more, is especially 
preferred . 

As the compatibility agent, for example, 
2 0 Tuf prene ®, Solprene ®, Tuf dene ®, Asaprene ® and 

Tuf tec ® r which are manufactured and sold by Asahi 
Chemical Industry Co., Ltd., Japan, are preferably 
used . 

The shaped resin article of the present invention 
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described hereinbefore, in the present invention, the 
shaped resin article comprises (1) a continuous phase 
of a polyphenylene ether and (2) a dispersed phase 
dispersed in the continuous phase* (1). The? ^Aspersed 
5 phase (2) comprises (a) a particulate dispersed pol- 

yolefin phase which is comprised of a polyolefin and t 
has a minor diameter of not greater than 0.5 am, the 
outer surface of the dispersed polyolefin- phase (a) 
having cohered thereto particles of at least one 
10 copolymer selected from the group consisting of a ■ t - 

copolymer of a vinyl aromatic compound and a conjugated 
diene compound and a hydrogenation product- - thereof , and 
(/3) a particulate dispersed copolymer phaei$, having v a": 
minor diameter of not greater than 0.3 um^ which i& ; - • - 
15 comprised of at least one copolymer sheeted frojm the; 

above-mentioned group and is dispersed " in .the contigu- 
ous phase (1) and not cohered to the dispersed polyole- 
fin phase (a) . ' ^ 
The desired effects of the present invention can 
be attained by realizing the above-mentioned specif ft 
morphology of dispersion. 

In the present invention, a polyphenylenJe ether,, a 
polyolefin and at least one copolymer. are present in 
proportions such that the polyolefin an* -the copolymer 
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form the continuous phase (1) and the dispersed phase 
(2) dispersed therein. Generally, the shaped resin 
article of the present invention comprises (A) 50 to 
95 % by weight, preferably from 50 to 90 % by weight, 
of polyphenylene ether, (B) up to 20 % by weight, 
preferably from 5 to 15 % by weight, of polyolefin, and 
(C) up to 40 % by weight, preferably from 10 to 35 % by 
weight, o± at least one copolymer selected from the 
group consisting of a copolymer of a vinyl aromatic 
compound and a conjugated diene compound and a hydroge- 
nation product thereof, wherein the total amount of 
components (A), (B) and (C) is 100 % by weight. Howev- 
er, the proportions of the polyphenylene ether, the 
polyolefin and the copolymer are not limited to the 
above-mentioned ranges as long as the specific morphol- 
ogy of dispersion as defined herein can be attained. 

The shaped resin article of the present invention 
has remarkably improved weld-line toughness and delami- 
nation resistance and also excellent resistance to 
heat, impact and chemicals. 

The minor diameters of the particulate dispersed 
polyolefin phase (a) and the particulate dispersed 
copolymer phase (|3) affect the weld-line toughness and 
delamination resistance of the shaped article. When the 
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exceeds 0.5 pi or when the minor diameter of the dis- 
persed copolymer phase (3) .exceeds 0.3 \m, marked 
delamination is likely to occur, and weld-line toughness 
is likely to be extremely poor. Ofl. the other hand, the 

5 major diameters of the particulate dispersed polyolefin 

phase (a) and the particulate dispersed cOpol^er phase 
(3) are not critical in the present invention, and can 
widely vary depending on the pressure applied- during 
molding, presence or absence of a plasticizer, etc: 

0 The dispersion morphology of the polyolefin arid- 

compatibility agent forming dispersed phases in the 
polyphenylene ether can generally be ob&erved easily by 
an electron photomicrograph (magnification: for exam- 
ple, 4 0,000-fold) of a cross section of the shaped' 

5 resin article (see Figs. 1 and 2). With;.respect to 

each of the dispersed polyolefin phase (a) and the 
dispersed copolymer phase (3 ) , generally, the rat'ifc of 
major diameter to minor diameter is not smaller than 1, 
When the ratio of major diameter to minor diameter is 

) 1, the dispersed phase exhibits a circular form, and 

when the ratio of major diameter 'to minor diameter i& 
more than 1, the dispersed phase exhibits a fibril 
form, a lamella form or a similar form. Wheii the . 
dispersed phase [meaning each of the particulate dis- 
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persed copolymer phase (J3)] has a circular form, the 
minor diameter is equal to the major diameter, each of 
which corresponds to the diameter of a circle. On the 
other hand, when the dispersed phase has a fibril form, 
a lamella form or a similar form, the terminology 
"minor diameter" used herein means the maximum of 
distances between opposite points on the periphery of 
the fibril form, lamella form or similar form, wherein 
the opposite points are positioned on opposite sides of 
a longitudinal axis of the dispersed phase (which is 
defined as a central line extending along the length of 
the dispersed phase) and each set of opposite points is 
positioned on a line perpendicular to the above-men- 
tioned longitudinal axis. In this connection-, it 
should be noted that the minor diameter of the particu- 
late dispersed polyolefin phase (a) does not include 
the copolymer particles cohered thereto. When when the 
dispersed phase has a lamella form, a fibril form or a 
similar form, the terminology "major diameter" used 
herein means the maximum of distances between opposite 
points on the periphery of the fibril form, lamella 
form or similar form, wherein the opposite points are 
positioned on opposite sides of a short axis of the 
dispersed phase (which is defined as a central line 
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mentioned longitudinal axis) and each set Of opposite 
points is positioned on a line parallel to the above- 
mentioned longitudinal axis. The? . expression.. " thp,^ 
particulate dispersed polyolef in lt phase (qO h^s a, mi^gr . 
diameter of not greater than 0.5 jim? used,vh$rein mpans 
that at least 90 % of particles of, tjae .particulate ... 
dispersed polyolefin phase (a) have a^-minor diainelaer, 
as defined above, of not greater than 0.5 flirt. Like^ 
wise, the expression "the particulate dispersed copply- 
mer phase (J3) has a minor diameter of not greater ithan,. 
0.3 \m" used herein means that at least 50 % of parti-^ 
cles of the particulate dispersed copolymer phase (fi) 
have a minor diameter, as defined above, of not greater 

than 0 . 3 Jim. . 

The condition of coherence' ar t!he;. cr^atibiiitry 1 
agent to the outer surface of the dispersed polyolefin 
phase (a) can also easily be observed cm 1 * an electrwt 
photomicrograph (magnification:'; for exatfi£le, 40,000- ( 
fold) of a cross section of the t shapqd r^sin article . 

The terminology "cohered" used li^rein means a 
confiauration in which a number df particles' of th\sf*'"' 1 
compatibility agent gather arotcnd* aud^ohsre to the* 
outer surface of the dispersed polyolefin phase in the 
form of isolated particles or in ,-jE or^of a.< iay*ar .of 



Mi 
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cohered configuration, it is possible that some parti- 
cles of the compatibility agent penetrate the interior 
of the dispersed polyolef in phase (a) . The minor 
diameter of the cohered particles of the compatibility 
5 agent is not critical in the present invention. Howev- 

er, it is preferred that the minor diameter be smaller 
than that of the dispersed polyolef in particles. 

In the present invention, as described above, it 
is essential to realize the specific morphology of 
10 dispersion. To attain the specific morphology " of 

dispersion, it is preferred that the above-mentioned 
polyphenylene ether, polyolefin and compatibility agent 
be kneaded using a twin or multi-screw extruder into 
which a kneading block can be incorporated at any 
15 portion of the screws, the extruder having the follow- 

ing characteristics: 
(1) L/D £ 1.5, preferably L/D £ 5 

wherein L represents the length (mm) of the knead- 
ing block, and D represents the maximum outer 
20 diameter (mm) of the kneading block, and 

(2 ) ti • D ' -N/h £ 50 

wherein n is 3.14, D r represents the screw outer 
diameter (mm) in the metering zone, N represents 
the screw revolution rate (number of revolu- 
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the groove in the metering zone. 
In effecting the kneading, it is preferred that the 
polyphenylene ether, the polyolefin and the compatibil- 
ity agent be supplied to the extruder all at one time 
to effect melt kneading thereof while maintaining a 
portion of the barrel of the extruder corresponding to 
the kneading block at a temperature which is not higher 
than the glass transition temperature (about 210°C) of 
the PPE. 

From the viewpoint of ease in .obtaining a shaped 
resin article having the desired morphology of disper- 
sion, it is preferred to use as the compatibility agent 
at least one copolymer selected from the group consist- 
ing of a copolymer of a vinyl aromatic compound and a 

conjugated diene compound and a hydrogenation product 

2 

thereof each having a Young's modulus of 1,500 Kg/cm 
or higher. 

The shaped resin article of the present invention 
prepared as described above has not ? only remarkably 
improved weld-line toughness and delamination resist r 
ance but also excellent resistance to heat, impact and 
chemicals. 

In addition to the above-mentioned essential 
components, the shaped resin article of the present 
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polystyrene resins (e.g., polystyrene and high impact 
polystyrene) and additives such as antioxidants, weath- 
ering resistance improvers, nucleating agents for the 
polyolefin forming the dispersed polyolefin phase (a), 
5 lubricants, organic or inorganic fillers and reinforc- 

ing materials (e.g., glass fiber, carbon fiber, whisk- 
er, mica, talc, calcium carbonate, potassium titanate 
and woiiastonite) , fire retardants, piasticizers (e.g., 
phosphorus compounds such as triphenylphosphate ) , 
10 colorants, antistatic agents and mold release agents, 

as long as the characteristic features of the shaped 
resin article of the present invention are not adverse- 
ly affected. 

The molding method for producing the shaped resin 
15 article of the present invention is not limited as long 

as in the final shaped resin article the polyolefin and 
the compatibility agent dispersed in the continuous 
phase of the polyphenylene ether exhibit the above- 
mentioned specific dispersion morphology. The shaped 
2o resin article of the present invention may be a pellet. 

Further, the shaped resin article of the present inven- 
tion may be a compression-molded article, an injection- 
molded article, an extrusion-molded article, a blow- 
molded article or an inflation-molded article, which 
r n r t-i r ] p n p sin tab] v shaoed for an ultimate* use. 
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The shaped resin article of the present invention 
is useful as various parts. Representative examples of 
such parts include automobile parts, e.g., exterior, 
parts such as bumpers, fenders, door panels, various 
moles, emblems, engine hoods, wheel caps, roofs and 
spoilers, and interior parts such as instrument panels, 
console boxes and trims. Further, the shaped resin 
article of the present invention can also suitably be 
used as interior and exterior parts of electrical 
appliances. Representative examples of such exterior; 
and interior parts include cabinets for" -office automa- 
tion machines, television sets,- video- units, TV game 
sets and various disc players, and partB of refrigera- 
tors and the like. 

The shaped resin article of the present invention 
is excellent in not only delamination resistance and 
weld-line toughness but also resistance to heat, impact 
and chemicals . 

Best Mode for Carrying Out the Invention 

The present invention will be described in more 
detail with reference to the Examples, which should not 
be construed as limiting the scope of the present 
invention . 

In the Examples and Comparative Examples, use is 
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ASTM Type I dumbbell specimen (thickness: 1/8 inch) for 
tensile test having a weld-line in the middle portion 
thereof . 
Example 1 

5 70 parts by weight of a PPE having a reduced 

viscosity of 0-56, 10 parts by weight of a low density 
polyethylene having a density of 0.918 g/cm 3 (Suntec® 

_ _ « «. .. n /-i A r . - i 1 J 1 J 1 7\ — . — . T~ .J /"I'U'-.Mvn-il Tni^im 

try Co., Ltd., Japan), 10 parts by weight of a 
10 styrene-butadiene copolymer (Asaflex ® 810 manufactured 

and sold by Asahi Chemical Industry Co., Ltd., Japan 
and having a Young's modulus of 4,600 Kg/cm 2 ), 10 parts 
by weight of a styrene-butadiene copolymer (Solprene® 
T406 manufactured and sold by Japan Elastomer Co., 
15 Ltd., Japan and having a Young's modulus of 2,100 

kg/cm 2 ), 1.5 parts by weight of 9 , 10-dihydro-9-oxa-10- 
phosphaphenanthrene and 7 parts by weight of triphenyl- 
phosphate were blended by a Henschel mixer. The re- 
sultant blend was subjected to melt kneading by a same 
direction-revolving twin-screw extruder (model PCM-30 
manufactured and sold by Ikegai Tekko Co., Ltd., Japan) 
under conditions such that the kneading block portions 
of the screws were maintained at 190 °C and the other 
portions were maintained at 27 0 °C and that the L/D 
ratio, as defined hereinbefore, of each of the kneading 
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blocks was 9.3 and the tt • D ' • N/h value, as defined 
hereinbefore, was 157, and then extruded into strands. 
The obtained strands were pelletized. The resultant 
pellets were subjected to injection molding at a mold 
5 temperature of 80 °C by means of a screw in-line type 

injection molding machine which was set at 280° to 
300 °C, thereby obtaining test pieces for tensile 
testing. Using the test pieces, a tensile testing was 
conducted in accordance with ASTM D-638. When the 

10 cross section of the test pieces obtained by the ten- 

sile testing was examined, no delamination was observed. 

Separately, the same pellets as obtained above 
were subjected to injection molding using a mold which 
was designed to form a weld-line, thereby obtaining 

15 test pieces for tensile testing. The test pieces 

having a weld-line were subjected to a tensile testing 
in accordance with ASTM D-638, to examine the weld- line 
toughness (%) which is expressed by the following 
formula : 



20 



tensile strength of a test piece 
Weld-line having a weld-line 

toughness (%) = — " 

tensile strength of a test piece 
having no weld-line 

As a result, the weld-line toughness found -to be 
97 %. 
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injection molded according to the method as described 
above, and sliced to obtain a section, which was dyed 
with osmic acid (OsO^j). The section was photographed 
by means of a transmission electron microscope to 
5 closely examine the dispersion morphology of the test 

piece (see Fig. 1)- As a result, it was found that the 
test piece had a dispersion morphology such that in the 
continuous phase of the PPE, low density polyethylene 
particles having a minor diameter of not greater than 
10 0.5 [im and styrene-butadiene copolymer particles having 

a minor diameter of not greater than 0,1 \xm were dis- 
persed, and that styrene-butadiene copolymer particles 
were cohered to the outer surface of the dispersed low 
density polyethylene particles. 
15 Comparative Example 1 

Melt kneading and injection molding were conducted 
in substantially the same manner as in Example 1 except 
that a reverse direction-revolving twin screw extruder 
(manufactured and sold by Nakatani Kikai K.K., Japan; 
diameter: 3 0 mm) was employed, and that the L/D ratio, 
as defined hereinbefore, of the kneading block was 0 (a 
kneading block cannot be assembled into the screws of 
the extruder), the value of ti«D' -N/h, as defined herein- 
before, was 36.2 and the extruder was set at 240° to 
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testing. When the test pieces were subjected to a 
tensile testing in the same manner as in Example 1, 
delamination was markedly observed on the Burface 
portion of the cross-section of the test pieces . + 
5 The weld-line toughness of a test piece having a 

weld-line was found to be 64 %. 

Further, a test piece for tensile testing was 
injection molded according to the method as descrilx&d 
above, and subjected to an examination of the diBper- 

10 sion morphology of the components in the same manner as 

in Example 1. As a result, it was found that the test 
piece had a dispersion morphology such that in the 
continuous phase of the PPE, low density polyethylene 
particles having a minor diameter of 0.4 to 1,7 p 

15 (with most of the particles having a minor diameter 

exceeding 0.5 um) and styrene-butadiene copolymer 
particles having a minor diameter of 0.5 to L8 p 
(with most of the particles having a minor diameter 
exceeding 0.3 \xia) were dispersed, part of the sty- 

20 rene-butadiene copolymer particles being cohered to the 

outer surface of the low density polyethylene parti- 
cles . 

Examples 2 and 3 and Comparative Examples 2 and 3 
7 6 Parts by weight of a PPE having a reduced 
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polyethylene having a density of 0 .96 9 g/cm^ (Suntec® 
HD-J24 0 manufactured and sold by Asahi Chemical Indus- 
try Co., Ltd., Japan), 8 parts by weight of a hydroge- 
nation product of a styrene-butadiene block copolymer 
5 (hydrogenation ratio of the polybutadiene segment: 

99.9 %; Young's modulus: 3,200 kg/cm 2 ) and 8 parts by 
weight of a hydrogenation product of a styrene-butadi- 
ene block copolymer (hydrogenation ratio of polybutadi- 
ene segments: 99.9 %; Young's modulus: 5,300 kg/cm 2 ) 

10 were blended by a Henschel mixer. The resultant blend 

was subjected to melt kneading by a same direction- 
revolving twin-screw extruder (model PCM-30 manufac- 
tured and sold by Ikegai Tekko Co., Ltd., Japan) under 
conditions such that the kneading block portions of the 

15 screws were maintained at 200 °C and the other portions 

were maintained at 270 °C, thereby obtaining strands. 
In Example 2, the L/D ratio, as defined hereinbefore, 
was 4.1 and the n-D'«N/h value, as defined hereinbe- 
fore, was 9 4.2. In Example 3, the L/D ratio was 14, 

20 and the n»D'-N/h value was 62.9. In Comparative Exam- 

ple 2, the L/D ratio was 2.0, and the n«D' -N/h value 
was 37.7. In Comparative Example 3, the L/D ratio was 
0, and the n>D'-N/h value was 62.9. 

The obtained strands were pelletized. The result- 
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means of a screw in-line type injection molding machine 
having a cylinder temperature of 280° to 300 °C at a 
mold temperature of 80 °C, thereby obtaining test 
pieces for tensile testing. Using the test pieces, a 
5 tensile testing was conducted in accordance with AStfM 

D-638 in the same manner as in Example 1. When the 
cross-section of each of the test pieces obtained in 
Examples 2 and 3 was examined, no delaraination was ob- 
served. However, with respect to the test pieces 

10 obtained in Comparative Examples 2 and 3, delamination 

was markedly observed on the cross-section of the test 
pieces although the test pieces had the same composi- 
tion as those of Examples 2 and 3. 

Further, when the pieces having a weld-line were 

15 subjected to a tensile testing, it was found that the 

test pieces of Examples 2 and 3 had weld-line toughness 
values of 91 % and 84 %, respectively, and -that the - 
test pieces of Comparative Examples 2 and 3 had weld-* 
line toughness values of 71 % and 63 ;% , respectively. 

20 Further, test pieces for tensile testing were 

injection molded according to the method as described 
above and sliced to obtain sections which were dyed 
with ruthenic acid (Ru0 4 ). The sections were photo- 
graphed by means of a transmission electron microscope, 
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test pieces. As a result, it was found that in the 
test pieces of Examples 2 and 3, high density polyeth- 
ylene particles having a minor diameter of not greater 
than 0.5 jim were dispersed in the PPE, whereas in the 
5 test piece of Comparative Example 2, high density 

polyethylene particles having a minor diameter of 
0.5 Jim to L0 p (with most of the particles having a 
minor diameter exceeding 0.5 p.iu ) were dispersed in the 
PPE and in the test piece of Comparative Example 3, 

10 high density polyethylene particles having a minor 

diameter of 0.5 |im to 2.3 jim (with most of the parti- 
cles having a minor diameter exceeding 0.5 jim) were 
dispersed in the PPE. With respect to each of Examples 
2 and 3 and Comparative Examples 2 and 3, particles of 

15 the hydrogenation product of a styrene-butadiene block 

copolymer used as the compatibility agent cohered to 
the outer surface of the high density polyethylene 
particles. In Examples 2 and 3, the dispersed parti- 
cles of the hydrogenated styrene butadiene block copol- 

2 0 ymer used as the compatibility agent which were not 

cohered to the dispersed particulate polyethylene 
phase, had a minor diameter of not greater than 0.1 p.m, 
whereas in Comparative Examples 2 and 3, the dispersed 
particles of the compatibility agent which were not 

n ' n nhn>-nH + -o 4 -h^ disnerspd parti culatp noly^thvlenn r had 
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a minor diameter of 0,1 to 0.9 p (with most of the 
particles having a diameter exceeding 0.3 \m) , 
Comparative Example 4 

Composition according to U.S. Patent No. 4,145,377 
5 A low density polyethylene referred to as compo- 

nent (cl) and a hydrogenated styrene-butadiene-styrene 
block copolymer referred to as component (c2), as 
defined in the footnote of Table 1, were melt kneaded 
in weight proportions indicated in Table 1 at a temper- 

10 ature of from 200° to 240 °C by means of a same direc- 

tion-revolving twin-screw extruder (model PCM-3Cl>3aanu- 
factured and sold by Ikegai Tekko Kabushiki Kaisha, 
Japan), thereby obtaining precompound (P). Then, a 
polyphenylene ether referred to as component (a), a 

15 polystyrene referred to as component (b) and a hydroge- 

nated styrene-butadiene-styrene block copolymer re- 
ferred to as component (d), as defined in the footnot.e 
of Table 1, were melt kneaded in weight proportions 
indicated in Table 1 with the above-obtained precom- 

20 pound (P) by means of the above-mentioned twin-screw 

extruder at a temperature of from 230° to 280 °C and at 
a screw speed of 200 rpm, and extruded, thereby obtain- 
ing strands. The thus obtained strands were pelle- 
tized, thereby obtaining pellets. 
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Table 1 



5 



Component 


Formulation (parts 


by weight) 


(a) 


pp E a) 


74 




(b) 


Polystyrene* 5 ) 


8 




(cl) 
(c2) 


LDPE cl ) 
HTR c2 ) 


6 
6 


j- premixed 


(d) 


HTR d ) 


6 





Note: a) polyphenylene ether having a reduced viscos- 
10 ity of 0-57 

b) polystyrene, Styron ® 6 85 (a product of 

Asahi Chemical Ind. Co., Ltd., Japan) 
cl) low density polyethylene (density: 
0.918 g/cm 3 ) , Suntec ® LD-M1804 
15 (a product of Asahi Chemical Ind. Co., Ltd., 

Japan) 

c2) hydrogenated styrene-butadiene-styrene block 
copolymer, Shell Kraton ® G-1650 (a product 
of Shell Chemical Co., U.S.A.) 
2 0 d) same as component (c2) 

The thus obtained pellets were charged into a 
screw in-line type injection molding machine having a 
cylinder temperature of from 280° to 300 °C, and injec- 
tion molded at. ..a mold temperature of 80 °C to obtain a 
25 test piece for use in tensile testing. A tensile test- 
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ing was conducted using a test piece in accordance with 
ASTM D-638. The broken section of the test piece was 
observed. As a result, a marked de lamination was found 
at the surfaces of the broken sections of the test piece 
5 Further, using a metal mold designed to form a 

weld-line, a test piece for use in tensile testing was 
injection molded. A tensile testing of the test piece 
was conducted in the same manner (ASTM D-638) as men- 
tioned above, and the weld-line toughness as defined 
10 below was determined. 

tensile strength: of a test 
Weld-line piece having a weld-line 

toughness (%) = — ^ * 100 

tensile strength of a test 
piece having no weld-line 

The weld-line toughness of the test piece was found to 

15 be 66 %. 

Still further, a test piece for tensile testing 
was injection molded according to the method as de- 
scribed above, and a section of the test piece was dyed 
with ruthenic acid (Ru0 4 ). The section was photo- 

2 0 graphed using a transmission electron microscope. The 

electron photomicrograph showed that the outer surface 
of the dispersed low density polyethylene particles had 
the hydrogenated styrene-butadiene-styrene block copol- 
ymer cohered thereto, and that however, the low density 

25 polyethylene particles were dispersed in the polyphe- 
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nylene ether in minor diameters ranging from 0.8 to 
2.9 Miri (greater than 0.5 [im and so outside the scope of 
the present invention) and the hydrogenated styrene- 
butadiene-styrene block copolymer particles were dis- 
5 persed in the polyphenylene ether in minor diameters 

ranging from 0.9 to 2.1 \xm (greater than 0.3 \im and so 
outside the scope of the present invention) . 
Comparative Example 5 

Composition according to U.S. Patent No. 4 , 16 6 , 055 

10 a polyphenylene ether referred to as component 

(a), a low density polyethylene referred to as compo- 
nent (bl), a hydrogenated styrene-butadiene-styrene 
block copolymer referred to as component (b2) and a 
triphenyl phosphate referred to as component (c), as 

15 defined in the footnote of Tabl^ 2, were melt kneaded 

in weight proportions indicated in Table 2 by means of 
a same direction-revolving twin-screw extruder (model 
PCM- 30 manufactured and sold by Ikegai Tekko Kabushiki 
Kaisha, Japan) at a temperature of from 230° to 280 °C 

20 and at a screw speed of 200 rpm, and extruded, thereby 

obtaining strands. The thus obtained strands were 
pelletized, thereby obtaining pellets. 

The thus obtained pellets were charged into a 
screw in-line type injection molding machine having a 

25 cylinder temperature of from 280° to 300 °C r and injec- 
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tion molded at a mold temperature of 80 °C to obtain a 
test piece for use in tensile testing. A tensile test- 
ing was conducted using a test piece in accordance with 
ASTM D-638. 

5 The broken sections of the test piece were observed. 

As a result, a marked delamination was found at the 
surfaces of the broken sections of the test piece. 

Further., using a metal mold designed to form a 
weld-line, a test piece for use iti tensile testing was 
10 injection molded. A tensile testing of the test piece 

was conducted in the same manner (ASTM D-638) as men- 
tioned above, and the weld-line toughness as defined 
below was determined. 

tensile strength of a test 
Weld-line piece having a weld-line 

15 toughness (%) = — 1 * 100 

tensile strength of a test 
piece having no weld-line 

The weld-line toughness of the test piece was found to 
be 59 %. 

Still further, a test piece for tensile testing 
20 was injection molded according to the method as de- 

scribed above, and a section of the test piece was dyed 
with ruthenic acid (Ru0 4 ), and the section was photo- 
graphed using a transmission electron microscope. The 
electron photomicrograph showed that the outer surface 
25 of the dispersed low density polyethylene particles had 
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the hydrogenated styrene-butadiene-styrene block copol- 
ymer cohered thereto , and that, however, the low densi- 
ty polyethylene particles were dispersed in the poly- 
phenylene ether in minor diameters ranging from 1-1 to 
5 2.2 urn (greater than 0.5 Jim and so outside the scope of 

the present invention) and the hydrogenated styrene- 
butadiene-styrene block copolymer particles were dis- 
persed in the polyphenylene ether in minor diameters 
ranging from 0.7 to 2.3 fim (greater than 0.3 urn and so 
10 outside the scope of the present invention) . 

Comparative Example 6 

Composition according to U.S. Patent No. 4 , 239 , 673 

Substantially the same procedure as described in 
Comparative Example 5 was repeated except that 12 parts 

15 by weight of a styrene-butadiene-styrene block copoly- 

mer referred to as component (b3), as defined in the 
footnote of Table 2, was used instead of a hydrogenated 
styrene-butadiene-styrene block copolymer , thereby 
obtaining a test piece. The properties of the test 

2° piece were determined in the same manner as described 

in Comparative Example 5. As a result, a marked delam- 
ination was found at the surfaces of the broken sections 
of the test piece. Further, the weld-line toughness of 
the test. piece was found to be 68 %. Still further, a 

25 test piece for tensile testing was injection molded 
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according to the method as described above, and a 
section of the test piece was dyed with osmic acid 
(Os0 4 ). The section was photographed using a transmis- 
sion electron microscope. The electron photomicrograph 
5 showed that the outer surface of the dispersed low 

density polyethylene particles had the styrene-butadi- 
ene-styrene block copolymer, cohered thereto, and that, 

the low density polyethylene particles were 
dispersed in the polyphenylene ether in minor diameters 

10 ranging from 0.8 to 2.5 \xm (greater than 0.5 \ua and so 

outside the scope of the present invention) and the 
styrene-butadiene-styrene block copolymer particles 
were dispersed in the polyphenylene ether in minor 
diameters ranging from 0.5 to 2.4 \ua (greater than 

15 0.3 Jim and so outside the scope of the present inven- 

tion) . 

Comparative Example 7 

Composition according to U.S. Patent No . 4,242,263 

Substantially the same procedure as described in 

20 Comparative Example 5 was repeated except that 6 parts 

by weight of the styrene-butadiene-styrene block copol- 
ymer referred to as component (b3) was added and the 
amount of the hydrogenated styrene-butadiene-styrene 
block copolymer was changed to 6 parts by weight from 

2 5 12 parts by weight, thereby obtaining test pieces. The 
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properties of the test pieces were determined in the 
same manner as described in Comparative Example 5. As 
a result, a marked delamination was found at the sur- 
faces of the broken sections of a test piece. Further, 
5 the weld-line toughness of a test piece was found to be 

51 %. Still further, a section of a test piece for 
tensile testing was dyed with ruthenic acid (RuO^), and 
the section was photographed using a transmission 
electron microscope. The electron photomicrograph 

10 showed that the outer surface of the low density poly- 

ethylene had the styrene-butadiene-styrene block copol- 
ymer and the hydrogenated styrene-butadiene-styrene 
block copolymer cohered thereto, and that however,, the 
low density polyethylene was dispersed in the polyphe- 

15 nylene ether in minor diameters ranging from 1 . 3 to 

2.6 urn (greater than 0.5 ^im and so outside the scope of 
the present invention) and the styrene-butadiene- 
styrene block copolymer and the hydrogenated styrene- 
butadiene-styrene block copolymer were dispersed in the 

20 polyphenylene ether in minor diameters ranging from 1.1 

to 2,8 jam (greater than 0.3 um and so outside the scope 
of the present invention). 
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Table 2 





Formulation (parts by weight) 


Com- 
ponent 




Compara- 
tive 

Example 5 


Compara- 
tive 

Example 6 


Compara- 
tive 

Example 7 


(a) 


PPE a ) 


82 


82 


82 


(bl) 


LDPE bl ) 


6 


6 


6 


(b2) 


HTR b2 ) 


12 




6 


(b3) 


TR b3) 




12 


6 


(c) 


TPp c) 


15 


15 


15 



Note: a) polyphenylene ether having a reduced viscos- 
ity of 0.57 
bl) low density polyethylene, (density: 
0.918 g/cm 3 ), Suntec ® LD-M1884 
15 ( a product of Asahi Chemical Ind, Co., Ltd., 

Japan ) 

b2 ) hydrogenated styrene-butadiene-styrene block 
copolymer, Shell Kraton ® G-1650 (a product 
of Shell Chemical Co., U.S.A.) 
20 b3 ) styrene-butadiene-styrene black copolymer, 

Shell Kraton ® D-1011 (a product of Shell 
Chemical Co., U.S.A.) 
c) triphenyl phosphate (plasticizer ) 
Comparative Example 8 - 
25 Composition according to Japanese Patent Application 
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Laid-Open Specification Nos . 63-218748 (1988), 63- 
245453 (1988) and 64-40556 (1989) 

A low density polyethylene referred to as compo- 
nent (cl) and a styrene-butadiene radial teleblock 
5 copolymer referred to as component (c2) , as defined in 

the footnote of Table 3, were melt kneaded in weight 
proportions indicated in Table 3 at a temperature of 
from 200° to 240 °C by means of a same direction-re- 
volving twin-screw extruder (model PCM-30 manufactured 

10 and sold by Ikegai Tekko Kabushiki Kaisha, Japan), 

thereby obtaining precompound (P) . Then, a polyphenyl- 
ene ether referred to as component (a) and a polysty- 
rene referred to as component (b), as defined in the 
footnote of Table 3, were melt kneaded in weight pro- 

15 portions indicated in Table 3 with the above-obtained 

precompound (P) by means of the above-mentioned twin- 
screw extruder at a temperature of from 230° to 280 °C 
and at a screw revolving speed of 200 rpm, and extrud- 
ed, thereby obtaining strands. The thus obtained 

20 strands were pelletized, thereby obtaining pellets. 
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Table 3 



5 



Component 


Formulation (parts 


by weight) 


(a) 


PPE 3 ) 


72 




(b) 


Polystyrene* 5 ) 


16 




(cl) 


LDPE cl ) 
TR c2 ) 


6 


J- premixed 


(c2) 


6 





Note: a) polyphenylene ether having a reduced viscos- 
ity of 0.57 

10 b) polystyrene, Styron ® 685 (a product of Asahi 

Chemical Ind . Co., Ltd., Japan) 
cl) low-density polyethylene having a density of 
0.918 g/cm 3 , Suntec ® LD-M1804 (a product of 
Asahi Chemical Ind. Co., Ltd., Japan) 
15 c2 ) styrene-butadiene radial teleblock copoly- 

mer (Young's modulus: 3,200 Kg/cm ) 
The thus obtained pellets were charged into a 
screw in-line type injection molding machine having a 
cylinder temperature of from 280° to 300 °C, and Ihj-ec- 
20 tion molded at a mold temperature of 80 °C to obtain a 

test piece for use in tensile testing. A tensile 
testing was conducted using a test piece in accordance 
with ASTM D-638. The broken section of tlie test piece 
was observed. As a result, no delamination was found 
25 at the surfaces of the broken sections of the test 
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piece . 

Further, using a metal mold designed to form a 
weld-line, a test piece for use in tensile testing was 
injection molded. A tensile testing of the test piece 
5 was conducted in the same manner (ASTM D-638) as men- 

tioned above, and the weld-line toughness as defined 
below was determined. 

tensile strength of a test 
weld-line piece having a weld-line 

toughness (%) = x 100 

tensile strength of a test 
10 piece having no weld-line 

The weld-line toughness of the test piece was found to 

be 72 %. 

Still further, a test piece for tensile testing 
was injection molded according to the method as de- 

15 scribed above , and a section of the test piece was dyed 

with osmic acid (0s0 4 ). The section was photographed 
using a transmission electron microscope. The electron 
photomicrograph showed that the low density polyethyl- 
ene particles were dispersed in the polyphenylene ether 

20 in minor diameters ranging from 0.3 to 1.1 |un (most of 

the particles having minor diameters of greater than 
0.5 jiin and so outside the scope of the present inven- 
tion), and the outer surface of the dispersed low 
density polyethylene particles had the styrene-butadi- 

25 ene radial teleblock copolymer cohered thereto in the 
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form of a layer and no styrene-butadiene radial tele- 
block copolymer having a minor diameter of not greater 
than 0.3 \xm was independently dispersed in the polyphe- 
nylene ether. 
5 Examples 4 to 6 

Each of the compositions indicated in Table 4 was 
melt kneaded by means of the same direction-revolving 
twin-screw extruder (model PCM-30 manufactured and sold 
by Ikegai Tekko Kabushiki Kaisha, Japan) as described 
10 in Example 1 under the same conditions as described in, 

Example 1, thereby obtaining strands. The thus ob- 
tained strands were pelletized, thereby obtaining 
pellets. 

Table 4 



15 



20 



Component 


Formulation (parts by 


weight ) 




Example 4 


Example 


5 


Example 6 


(a) 


PPE a ) 


66 


63 




78- ; 


(b) 


HDPE b ) 


5 


10 




7 


(c) 


HTR C ) 


29 


27 




15 


(d) 


rpppd ) 








15 



Note: a) polyphenylene ether having a reduced viscos- 
ity of 0 . 54 
b) high-density polyethylene (density: 
25 0.918 g/cm 3 ), Suntec ® J240 (a 



WO 91/05016 



PCT/JP90/00548 



42 



product of Asahi Chemical Ind. Co., Ltd., 
Japan) 

c) hydrogenated styrene-butadiene-styrene block 
copolymer (Young's modulus: 5 f 100 kg/cm 2 , 
ratio of hydrogenation : 99.9 %) 

d) tri phenyl phosphate (plasticizer ) 



The thus obtained pellets were charged into a screw 
in-line type injection molding machine having a cylin- 
der temperature of from 280° to 300 °C, and injection 
molded at a mold temperature of 80 °C to obtain test 
pieces for use in tensile testing. A tensile testing 
was conducted using each of the test pieces in accord- 
ance with ASTM D-638. The broken sections of each of 
the test pieces were observed. As a result, no delami- 
nation was found at the surfaces of the broken sections 
of each of the test pieces of Examples 4 to 6 . 

Further, using a metal mold designed to form a 
weld-line, test pieces for use in tensile testing were 
injection molded. A tensile testing of the test pieces 
was conducted in the same manner (ASTM D-638) as men- 
tioned above, and the weld-line toughness as defined 
below was determined. 



V?eld-line 
toughness ( %.) = . 



tensile strength of a test 
piece having a weld-line 



x iao 



25 



tensile strength of a test 
piece having no weld-line 
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The weld-line toughness of each of the test pieces of 
Examples 4 to 6 was found to be 100 %. 

Still further, a test piece for tensile testing 
was injection molded according to the method as de-^ 
5 scribed above, and a section of each of the test pieces 

for tensile testing was dyed with ruthenic acid (Ru0 4 ). 
The section was photographed using a transmission 
— . i nn'rmcnnnA. As a result , it was found that 

each of the test pieces of Examples 4 to 6 (see Fig. 2 

10 for the dispersion morphology of the cross section of 

the test piece of Example 5) had a morphology of dis- 
persion such that the high density polyethylene parti- 
cles were dispersed in a minor diameter of not greater 
than 0.5 Jim and the hydrogenated block copolymer of 

15 styrene and butadiene was cohered to the outer surface 

of the dispersed high density polyethylene phase in the 
form of a layer of particles. The hydrogenated block 
copolymer of styrene and butadiene, which was independ- 
ently dispersed in the polyphenylene ether, had a minor 

20 diameter of not greater than 0.1 jira. 

Examples 7 to 9 

Each of the compositions indicated in Table 5 was 
melt kneaded by means of the same direction-revolving 
twin-screw extruder (model PCM-30 manufactured and sold 

25 by Ikegai Tekko Kabushiki Kaisha, Japan) as described 
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- — — 
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in Example 1 under the same conditions as described in 
Example 1 , thereby obtaining strands . The thus ob- 
tained strands were pelletized, thereby obtaining 
pellets . 

5 Table -5 



10 



Component 


Formulation (parts by weight) 




Example 7 


Example 8 


Example 9 


(a) 


™„a > 


r* r- 

J J 


n n 
O U 


n /- 
o u 


(b) 


ppb) 


15 


5 


7 


(cl) 


HTR cl > 


30 


15 




(c2) 


HTR c2) 






7 


(d) 


T ppd) 




15 


15 



Note: a) polyphenylene ether having a reduced viscos- 
15 ity of 0.41 

b) polypropylene, E-1100 (a product of Asahi 

Chemical Ind . Co., Ltd., Japan) 
cl) hydrogenated styrene-butadiene-s tyrene block 
copolymer (Young's modulus: 6,300 kg /cm 2 , 
20 ratio of hydrogenation: 99.9 %) 

c2) hydrogenated styrene-butadiene-styrene block 
copolymer (Young's modulus: 4,800 kg/cm 2 , 
ratio of hydrogenation: 99.9 %) 
. ^ d) triphenyl phosphate (plasticizer ) 
25 The thus obtained pellets were charged into a screw 
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in-line type injection molding machine having a "cylin- 
der temperature of from 280° to 300 °C, and injection 
molded at a mold temperature of 80 °C to obtain test 
pieces for use in tensile testing. A tensile testing 
5 was conducted using the test pieces in. accordance with 

ASTM D-638. The broken sections of the test pieces 
were observed. As a result, no delamination was found 
at the surfanRs of the broken sections of each of the 
test pieces of Examples 7 to 9 . 

10 Further, using a metal mold designed to form a 

weld-line, test pieces for use in tensile testing T^ere 
injection molded. A tensile testing of the test pieces 
was conducted in the same manner (ASTM D-638") as men- 
tioned above, and the v^eld-line toughness as defined 

15 below was determined. 

tensile strength of a test 
Weld-line pi ece having a weld-lii!6 

toughness (%) = : — — * * 100 

tensile strength of a test 
piece having no weld-line 

The weld-line toughness of each of the test pieces Of 

20 Examples 7 to 9 was found to be 100 %♦ 

Still further, test pieces for tensile testing 
were injection molded according to the method as de- 
scribed above, and sections of the test pieces were 
dyed with . ruthenic acid (Ru0 4 ). The. sections, were 

25 photographed using a transmission electron microscope. 
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As a result, it was found that each of the test pieces 
of Examples 7 to 9 had a morphology of dispersion such 
that the polypropylene particles were dispersed in a 
minor diameter of not greater than 0.5 [im and the 
5 hydrogenated block copolymer of styrene and butadiene 

was cohered to the outer surface of the dispersed 
polypropylene phase in the form of a layer of parti- 
cles . The hydrogenated block copolymer of styrene and 
butadiene, which was independently dispersed in the 

10 polyphenylene ether, had a minor diameter of not great- 

er than 0 . 1 jim. 
Examples 10 to 12 

Each of the compositions indicated in Table 6 was 
melt kneaded by means of the same direction-revolving 

15 twin-screw extruder (model PCM-30 manufactured and sold 

by Ikegai Tekko Kabushiki Kaisha, Japan) as described 
in Example 1 under the same conditions as described in 
Example 1 , thereby obtaining strands . The thus ob- 
tained strands were pelletized, thereby obtaining 

20 pellets. 
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20 
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Table 6 



Component 


Formulation (parts by weight) 




Example 10 


Example 11 


Example 12 


(a) 


P PE a ) 


55 


7S- 


■ 84 


(bl) 


ppbl) 


7 






(b2) 


LDPE b2 ) 


8 


10 


8 


(cl) 


HTR cl ) 


30 


15 




(c2) 


H TR c2 ) 






8 


(d) 


TP pd) 




15 


15 



25 



Note: a) polyphenylene ether having a reduced viscos- 
ity of 0-41 

bl) polypropylene, E-1100 (a product of Asahi 
Chemical Ind. Co., Ltd., Japan) 

b2) low density polyethylene having a density of 
0.918 g/cm 3 , Buntec ® LD-M1804 (a product of 
Asahi Chemical Ind. Co., Ltd., Japan) 

cl) hydrogenated styrene-butadiene-styrene block 
copolymer (Young's modulus: 5,800 kg/cm , 
ratio of hydrogenation : 99.9 %) 

c2) hydrogenated styrene-butadiene-Btyrene block 

2 

copolymer (Young's modulus: 4,800 kg /cm , 
ratio of hydrogenation: 99.9 %) 
d) . triphenyl phosphate (plasticizer ) 
The thus obtained pellets were charged into a screw ... 
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in-line type injection molding machine having a cylin- 
der temperature of from 280° to 300 °C, and injection 
molded at a mold temperature of 80 °C to obtain test 
pieces for use in tensile testing. A tensile testing 
5 was conducted using the test pieces in accordance with 

ASTM D-638. The broken sections of the test pieces 
were observed. As a result, no delamination was found 
at the surfaces of the broken sections of each of the 
test pieces of Examples 10 to 12. 

10 Further, using a metal mold designed to form a 

weld-line, test pieces for use in tensile testing were 
injection molded. A tensile testing of the test pieces 
was conducted in the same manner (ASTM D-638) as men- 
tioned above, and the weld-line toughness as defined 

15 below was determined. 

tensile strength of a test 
Weld-line piece having a weld-line 

toughness (%) = x 100 

tensile strength of a test 
piece having no weld-line 

The weld-line toughness of each of the test pieces of 
20 Examples of 10 to 12 was found to be 100 %. 

Still further, test pieces for tensile testing 
were injection molded according to the method as de- 
scribed above, and sections of the test pieces were 
dyed with ruthenic acid (Ru0 4 ). The sections were 
25 photographed using a transmission electron microscope. 
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As a result, it was found that each of the test pieces 
of Examples 10 to 12 had a morphology, of dispersion 
such that the polypropylene and low -.density polyethyl- 
ene particles were dispersed in a minor diameter of not 
5 greater than 0.5 p and the hydrogenated block copoly- 

mer of styrene and butadiene was cohered to the outer 
surface of the dispersed polypropylene phase in the 
form of a layer of particles. The hydrogenated block 
copolymer of styrene and butadiene, which was independ- 
10 ently dispersed in the polyphenylene ether, had a minor 

diameter of not greater than 0.1 [m, 
Example 13 

65 parts by weight of a polyphenylene ether having 
a reduced viscosity of 0.54, 15 parts by weight of a 

15 linear low density polyethylene (Suntec ® LL-LM7625 

having a density of 0.926 g/cm 3 and manufactured and 
sold by Asahi Chemical Industry Co., Ltd., Japan), 10 
parts by weight of a hydrogenated copolymer of styrene 
and butadiene (Young's modulus: 4,800 kg/cm , ratio of 

20 hydrogenation: 99.9 %) and 10 parts by weight of a 

copolymer of styrene and butadiene (Young's modulus: 
2,100 kg/cm 2 , Solprene ® T406 manufactured and sold by 
Japan Elastomer Co., Ltd., Japan), were mixed together 
by means of a Henschel mixer. The obtained mixture was 

25 melt kneaded by means of the same extruder as described 
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in Example 1 under the same conditions as described in 
Example 1, thereby obtaining strands. The thus ob- 
tained strands were pelletized, thereby obtaining 
pellets . A section of the thus obtained pellets was 
dyed with ruthenic acid (Ru0 4 ), and the section was 
photographed using a transmission electron microscope. 
As a result, it was found that the pellets had a mor- 
phology of dispersion such that the linear low density 
polyethylene was dispersed in a minor diameter of not 
greater than 0.5 [im, and the block copolymer as a 
compatibility agent was melted into the dispersed 
linear low density polyethylene and cohering to the 
outer surface of the dispersed linear low density 
polyethylene in the form of a layer of particles. The 
15 block copolymer, which was independently dispersed in 

the polyphenylene ether, had a minor diameter of not 
greater than 0.1 urn. 
Example 14 

The pellets obtained in Example 1 were charged 
20 into a screw in-line type injection molding machine 

having a cylinder temperature of from 280° to 300 °C, 
and injection molded at a mold temperature of 9 0°C to 
obtain a test piece for use in the determination of 
heat deformation temperature. The heat deformation 
25 temperature of the test piece was determined in accord- 
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ance with ASTM D-64 8, and was found to be 119 °C. 

Further, substantially the same procedure as 
described above was repeated to obtain a test piece 
having a thickness of 1/8 inch for use in an Izod 
5 impact test. The Izod impact test was conducted at 

23 °C using the test piece in accordance with ASTM t)- 
25 6, and the Izod impact strength was found to be 
42 kg •cm/cm. 

Still further, in accordance with the Bergen 1/4 
0 ellipse method (see SEP Journal, 567,' 1962), a salad 

oil was applied to the surface of the test piece tor 
use in the Izod test impact test, and then, v the strain 
at the time when crack occurred w^ ' determined at 8D D C. 
As a result, the critical strain was found to be 0.5 %. 
5 Brief Description of the Drawings 

Fig. 1 is an electron photomicrograph showing the 
morphology of dispersion of the shaped resin article of 
the present invention as obtained in Example 1; and 

Fig. 2 is an electron photomicrograph showing the 
q morphology of dispersion of the shaped resin article of 

the present invention as obtained in Example 5. 
Industrial Applicability 

The shaped resin article of the present invention 
has not only remarkably improved weld-line toughness 
c and delamination resistance but also excellent resist- 
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ance to heat, impact and chemicals. Therefore, the 
shaped resin article of the present invention is useful 
as various parts . Representative examples of such 
parts include automobile parts, e.g., exterior parts 
5 such as bumpers, fenders, door panels, various moles, 

emblems, engine hoods, wheel caps, roofs and spoilers, 
and interior parts such as instrument panels, console 
boxes and trims. Further, the shaped resin article of 
the present invention can also suitably be used as 
10 interior and exterior parts of electrical appliances. 

Representative examples of such exterior and interior 
parts include cabinets for office automation machines, 
television sets, video units, TV game sets and various 
disc players, and parts of refrigerators and the like. 
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CLAIMS 

1. A shaped resin article comprising: 

(1) a continuous phase of a pplyphenylene ether 
and (2) a dispersed phase dispersed in said continuous 
5 phase (1) and comprising : 

(a) a particulate dispersed polyolefin phase which 
is comprised of a polyolefin and has a .minor diameter 
of not greater than 0.5 urn, the outer £*urfaq£ of said 
dispersed polyolefin phase (a) having , cohered thereto, 
10 particles of at least one copolymer selected from the 

group consisting of a copolymer of a vinyl aromatic * 
compound and a conjugated diene compound and a hydroge- 
nation product thereof, and 

(3) a particulate dispersed copolymer phase having 
15 a minor diameter of not greater than 0.3 fim, which is 

comprised of said at least one copolymer and is dis- 
persed in said continuous phase (1) and ijLOt "cohered to 
said dispersed polyolefin phase (a). 

20 2. The article according to claim 1, wherein said 

particulate dispersed copolymer phase (0) has a minor 
diameter of not greater than 0.1 \im. 



3. The article according to claim 1 or 2, wherein said 
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least 15 0 0 Kg/cm 2 . 



4. The article according to any one of claims 1 to 3, 
wherein said copolymer of a vinyl aromatic compound and 

5 a conjugated diene compound is a copolymer comprising 

at least one vinyl aromatic compound block and at least 
one conjugated diene compound block. 

5. The article according to any one of claims 1 to 3, 
10 wherein said hydrogenation product is a hydrogenation 

product of a copolymer comprising at least one vinyl 
aromatic compound block and at least one conjugated 
diene compound block, 

15 6. The article according to any one of claims 1 to 5, 

wherein said polyolef in is a low density polyethylene 
or a high density polyethylene. 

7. The article according to claim 6, wherein said 
20 polyolef in is a linear low density polyethylene. 

8. The article according to any one of claims 1 to 7, 
which is a compression-molded article, an injection- 
molded article, an extrusion-molded article, a blow- 

25 molded article or an inflation-molded article. 
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9. The article according to any one of claims 1 to 7 
which is a pellet. 
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